
 

 

 

 
CODES AND STANDARDS ENHANCEMENT INITIATIVE (CASE) 

 

Draft Measure Information Template – 
Cooling Tower Efficiency and Turndown 
2013 California Building Energy Efficiency Standards  
California Utilities Statewide Codes and Standards Team,   April 2011 

 

 

 

 

 

 

 

 

 

 

 

This report was prepared by the California Statewide Utility Codes and Standards Program and funded by the California utility customers under 
the auspices of the California Public Utilities Commission. 

Copyright 2011 Pacific Gas and Electric Company, Southern California Edison, SoCalGas, SDG&E.  

All rights reserved, except that this document may be used, copied, and distributed without modification.  

Neither PG&E, SCE, SoCalGas, SDG&E, nor any of its employees makes any warranty, express of implied; or assumes any legal liability or 
responsibility for the accuracy, completeness or usefulness of any data, information, method, product, policy or process disclosed in this 
document; or represents that its use will not infringe any privately-owned rights including, but not limited to, patents, trademarks or copyrights 

  



Cooling Tower Efficiency and Flow Turndown  Page 2 

 

2013 California Building Energy Efficiency Standards April 26, 2011 

CONTENTS 
 
CODES AND STANDARDS ENHANCEMENT INITIATIVE (CASE)  ................. 1 

1.  Overview ................................................................................................................................. 3 

2  Methodology ............................................................................................................................ 5 

3  Analysis and Results ................................................................................................................ 7 

4  Recommended Language for the Standards Document, ACM Manuals, and the Reference 
Appendices .................................................................................................................................... 10 

5  Bibliography and Other Research .......................................................................................... 13 

6  Appendices ............................................................................................................................ 14 

 



Cooling Tower Efficiency and Flow Turndown  Page 3 

 

2013 California Building Energy Efficiency Standards April 26, 2011 

1. Overview 

1.1 Measure Title 
Cooling Tower Efficiency and Turndown 

1.2 Description 
This measure proposes to update Title 24-2013 for cooling tower efficiency and flow turndown.  
The current efficiencies in Title 24 2008 (Table 112-G)  and ASHRAE Standard 90.1-2010 
(Table 6.8.1G) were developed by the SSPC 90.1 and ASHRAE technical committee 8.6 to 
eliminate the bottom 5% of the cooling tower market for inclusion in the 90.1-1999 standard.  
Since their inclusion in they have never been revisited in either 90.1 or Title 24. 

Based on the life-cycle analysis documented in this report we recommend an increased minimum 
efficiency of 80 gpm/hp as a prescriptive requirement for towers in new buildings or chilled 
water plants.  For 24/7 facilities like data centers we also propose a maximum approach of 5F. 

90.1-2010 added to Table 6.8.1G new requirements for closed-circuit fluid cooling towers which 
we propose to adopt without change in Table 112-G for Title 24 2013.  In addition to the change 
in Table 112-G a new definition will be added for closed-circuit cooling towers and the reference 
performance standard. 

Finally in response to feedback from the manufacturers, we are proposing to relax the 
requirement for 33% flow turndown for cooling towers (144(h)3), a prescriptive measure that 
was introduced into Title 24 in 2005. 

1.3 Type of Change 
This proposal includes changes to the definitions, mandatory requirements (Table 112-G), the 
prescriptive requirements (114(h), and corresponding changes to the ACM. 

1.4 Energy Benefits 
This measure proposes to increase the minimum energy efficiency requirements of cooling 
towers in California.  Increased energy efficiency reduces the amount of cooling energy required 
to maintain the same cooling output. 

1.5 Non-Energy Benefits 
This measure has no non-energy benefits. 

1.6 Environmental Impact 
There are no significant potential adverse environmental impacts of this measure. 
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1.7 Technology Measures 
This measure as written provides a preference for propeller fan towers. 

1.8 Performance Verification of the 
Proposed Measure 

There are no new proposed acceptance requirements. 

1.9 Cost Effectiveness 
As demonstrated below the 

1.10 Analysis Tools 
Currently available simulation programs such as eQuest are capable of modeling the 
requirements of this measure. 

1.11 Relationship to Other Measures 
This measure has no relation to other measures. 
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2 Methodology 
We used the TOPP model (see references below) to model a 900 ton plant with two equally sized 
500t chillers over a range of control scenarios.  For this model we used 12 different 2-cell towers 
that represented three different efficiencies (from 50gpm/hp to 90 gpm/hp at the rating 
conditions of 95/85/75) and four different approaches (from 3F to about 12F).  Each run 
represented near optimal controls for the plant.  As shown in the figures below the preliminary 
findings indicate that a high efficiency tower was cost justified and that a maximum approach 
was only justified for a 24X7 facility. 

2.1 Climates 
The preliminary analysis was performed on 8 of the 16 climate zones (CZ 3, 6, 7, 8, 9, 10, 12, 
and 13).  According to the Dodge database these 8 climates represent 85% of the new 
construction in 2013. 

2.2 Load Profiles 
The load profiles for the LCC were developed using an eQuest model of a 15 zone office 
building which was scaled for each climate to a 900 ton peak load.  This building had VAV 
reheat with and air-side economizer. 

2.3 Cooling Tower Data 
The twelve cooling towers modeled were all taken from one manufacture, BAC.  They were all 
draw-through cross-flow open towers with propeller fans.  The contractor’s costs for these 
towers were multiplied by 28.75% for contractor’s mark-up then by 50% for an installation cost 
premium. 
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Figure 1 Cooling Tower Models 

 

Tower Name

B.A.C 

GPM @ 

78/85/95

Tower 

pumping 

head PSI

Tower 

Code 

Name

Motor 

size GPM/HP

3781C 2342.02 6.69 L01 50 46.8

3676C 1938.02 4.9 L02 40 48.5

3482C 1377.01 4.9 L03 30 45.9

3436C 1266.01 4.32 L04 30 42.2

3728C/V 2277.02 6.69 M01 40 56.9

3618C 1773.01 4.9 M02 30 59.1

3473C 1374.01 4.32 M03 25 55.0

3455C‐MM 1212.01 4.9 M04 20 60.6

3872C‐OM/V 2268.02 7.85 H01 30 75.6

3728C‐NM 1884.01 6.69 H02 25 75.4

3552C‐MM 1392.01 4.9 H03 20 69.6

3473C‐LM/V 1212.01 4.32 H04 15 80.8
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3 Analysis and Results 
The results of our analysis for the office building in the 8 climate zones are shown in Figure 2 
and Figure 3 below.  In each case the lowest life-cycle cost tower was H04, the high efficiency 
tower with the highest approach (see Figure 1 above).  We were unable to complete our analysis 
for 24X7 facilities in time for this workshop. 
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Figure 2 Modeling Results Climate Zones 3, 6, 7 and 8 

 

Climate Zone TowerID Ta ChillerkWh TowerkWh CHWPkWh CWPkWh TotalKWh TDV Energy Cost Tower cost Total LCC cost

kWh/yr kWh/yr kWh/yr kWh/yr kWh/yr 15 year PV First Cost installed NPV

CZ03 H01 5.4        180,569         14,020         22,964         40,246             257,644   $        1,103,350  262,000.00$           1,365,350$         

CZ03 H02 7.0        182,346         13,521         23,000         36,827             255,532   $        1,103,764  231,612.50$           1,335,377$         

CZ03 H03 10.4        187,444         13,276         23,154         31,725             255,423   $        1,116,114  179,862.50$           1,295,977$         

CZ03 H04 12.3        189,456         12,084         23,153         30,352             254,736   $        1,118,379  156,752.50$           1,275,132$         

CZ03 L01 5.1        181,678         21,294         22,912         37,021             262,781   $        1,121,414  250,537.50$           1,371,951$         

CZ03 L02 6.7        183,925         19,130         22,922         32,167             258,006   $        1,113,480  221,825.00$           1,335,305$         

CZ03 L03 10.5        189,512         18,194         23,218         31,623             262,391   $        1,145,187  167,262.50$           1,312,450$         

CZ03 L04 11.6        191,805         19,350         23,248         30,207             264,471   $        1,157,815  152,962.50$           1,310,778$         

CZ03 M01 5.3        181,451         17,701         22,918         37,002             258,911   $        1,109,230  250,425.00$           1,359,655$         

CZ03 M02 7.6        183,871         16,056         22,971         32,065             254,788   $        1,105,815  208,375.00$           1,314,190$         

CZ03 M03 10.5        188,558         15,929         23,142         30,369             257,862   $        1,127,638  170,837.50$           1,298,475$         

CZ03 M04 12.3        191,091         14,560         23,248         31,572             260,247   $        1,141,057  156,625.00$           1,297,682$         

CZ06 H01 4.8        318,341         23,324         26,221         61,764             429,471   $        1,340,801  262,000.00$           1,602,801$         

CZ06 H02 6.4        322,553         22,260         26,305         56,133             427,009   $        1,341,083  231,612.50$           1,572,695$         

CZ06 H03 9.7        332,716         22,064         26,530         48,021             428,957   $        1,356,798  179,862.50$           1,536,661$         

CZ06 H04 11.5        336,446         20,703         26,743         45,271             428,763   $        1,360,233  156,752.50$           1,516,985$         

CZ06 L01 4.6        321,058         34,655         26,206         56,714             438,378   $        1,365,013  250,537.50$           1,615,551$         

CZ06 L02 6.1        324,504         31,704         26,207         49,211             431,397   $        1,353,309  221,825.00$           1,575,134$         

CZ06 L03 9.8        336,604         30,068         26,691         47,460             440,622   $        1,392,354  167,262.50$           1,559,616$         

CZ06 L04 10.9        340,832         31,788         26,771         45,190             444,434   $        1,407,210  152,962.50$           1,560,172$         

CZ06 M01 4.8        320,057         29,398         26,216         56,636             432,004   $        1,348,871  250,425.00$           1,599,296$         

CZ06 M02 7.0        325,705         26,250         26,267         48,956             427,006   $        1,344,460  208,375.00$           1,552,835$         

CZ06 M03 9.8        334,893         26,249         26,540         45,870             433,350   $        1,371,124  170,837.50$           1,541,961$         

CZ06 M04 11.5        340,430         23,741         26,811         47,103             437,755   $        1,387,656  156,625.00$           1,544,281$         

CZ07 H01 4.6        291,468         23,474         28,450         63,170             406,361   $        1,261,344  262,000.00$           1,523,344$         

CZ07 H02 6.2        295,670         22,170         28,520         57,532             403,543   $        1,259,872  231,612.50$           1,491,484$         

CZ07 H03 9.4        305,294         21,713         28,705         49,514             404,841   $        1,272,814  179,862.50$           1,452,676$         

CZ07 H04 11.3        308,944         20,304         28,843         47,044             404,704   $        1,275,053  156,752.50$           1,431,806$         

CZ07 L01 4.4        293,697         35,487         28,435         57,861             415,132   $        1,284,996  250,537.50$           1,535,534$         

CZ07 L02 5.9        297,513         31,904         28,446         50,211             407,923   $        1,272,334  221,825.00$           1,494,159$         

CZ07 L03 9.6        308,717         29,829         28,809         49,242             416,405   $        1,306,531  167,262.50$           1,473,793$         

CZ07 L04 10.7        313,264         31,284         28,855         47,012             420,284   $        1,320,545  152,962.50$           1,473,508$         

CZ07 M01 4.6        292,808         29,863         28,437         57,880             408,790   $        1,269,175  250,425.00$           1,519,600$         

CZ07 M02 6.8        298,432         26,390         28,482         50,092             403,167   $        1,262,052  208,375.00$           1,470,427$         

CZ07 M03 9.6        307,640         25,742         28,756         47,255             409,022   $        1,285,993  170,837.50$           1,456,831$         

CZ07 M04 11.3        312,483         23,666         28,947         48,902             413,623   $        1,301,280  156,625.00$           1,457,905$         

CZ08 H01 4.6        375,606         25,577         44,399         69,623             515,040   $        1,643,617  262,000.00$           1,905,617$         

CZ08 H02 6.2        380,396         25,381         44,486         63,880             513,926   $        1,649,159  231,612.50$           1,880,771$         

CZ08 H03 9.4        392,910         26,411         44,781         55,059             518,792   $        1,676,482  179,862.50$           1,856,345$         

CZ08 H04 11.3        397,140         25,599         44,950         52,388             519,693   $        1,684,111  156,752.50$           1,840,864$         

CZ08 L01 4.4        379,135         37,078         44,324         64,306             524,614   $        1,670,813  250,537.50$           1,921,351$         

CZ08 L02 5.9        383,669         34,876         44,350         55,875             518,581   $        1,663,348  221,825.00$           1,885,173$         

CZ08 L03 9.6        398,007         35,116         45,084         54,566             532,619   $        1,720,686  167,262.50$           1,887,949$         

CZ08 L04 10.7        403,637         37,345         45,174         52,048             538,111   $        1,741,840  152,962.50$           1,894,802$         

CZ08 M01 4.6        377,584         32,007         44,366         64,190             517,936   $        1,653,101  250,425.00$           1,903,526$         

CZ08 M02 6.8        384,801         29,752         44,393         55,773             514,483   $        1,655,070  208,375.00$           1,863,445$         

CZ08 M03 9.6        396,334         30,680         44,820         52,582             524,219   $        1,694,642  170,837.50$           1,865,480$         

CZ08 M04 11.3        402,195         28,882         45,059         54,600             530,438   $        1,718,601  156,625.00$           1,875,226$         
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Figure 3 Modeling Results Climate Zones 9, 10, 12 and 13 

 

Climate Zone TowerID Ta ChillerkWh TowerkWh CHWPkWh CWPkWh TotalKWh TDV Energy Cost Tower cost Total LCC cost

kWh/yr kWh/yr kWh/yr kWh/yr kWh/yr 15 year PV First Cost installed NPV

CZ09 H01 4.4        331,167         22,319         35,891         61,193             450,389   $        1,623,254  262,000.00$           1,885,254$         

CZ09 H02 6.0        335,003         22,274         36,146         55,487             448,677   $        1,629,768  231,612.50$           1,861,381$         

CZ09 H03 9.2        345,866         22,838         36,486         47,590             452,461   $        1,660,487  179,862.50$           1,840,350$         

CZ09 H04 11.0        349,197         22,105         36,728         45,085             452,799   $        1,668,651  156,752.50$           1,825,403$         

CZ09 L01 4.2        333,184         33,178         35,724         56,669             458,570   $        1,649,520  250,537.50$           1,900,058$         

CZ09 L02 5.7        337,318         30,870         35,872         48,848             452,812   $        1,645,508  221,825.00$           1,867,333$         

CZ09 L03 9.3        350,534         30,179         36,781         47,012             464,348   $        1,704,094  167,262.50$           1,871,357$         

CZ09 L04 10.4        355,859         31,659         37,009         44,600             468,976   $        1,726,197  152,962.50$           1,879,159$         

CZ09 M01 4.4        332,494         28,260         35,854         56,320             452,777   $        1,633,036  250,425.00$           1,883,461$         

CZ09 M02 6.6        338,620         25,940         35,939         48,678             448,974   $        1,637,609  208,375.00$           1,845,984$         

CZ09 M03 9.4        348,995         26,404         36,598         45,312             457,105   $        1,679,428  170,837.50$           1,850,266$         

CZ09 M04 11.0        353,741         24,937         36,907         46,825             462,129   $        1,702,196  156,625.00$           1,858,821$         

CZ10 H01 4.6        446,094         27,879         72,944         84,499             631,323   $        1,930,418  262,000.00$           2,192,418$         

CZ10 H02 6.2        453,801         27,844         72,942         78,453             632,836   $        1,941,966  231,612.50$           2,173,578$         

CZ10 H03 9.4        469,707         30,879         72,942         68,412             641,740   $        1,979,060  179,862.50$           2,158,923$         

CZ10 H04 11.3        474,636         31,115         72,942         65,334             643,786   $        1,990,020  156,752.50$           2,146,772$         

CZ10 L01 4.4        450,311         39,165         72,946         78,589             640,847   $        1,958,043  250,537.50$           2,208,581$         

CZ10 L02 5.9        458,214         36,715         72,877         68,514             636,155   $        1,955,246  221,825.00$           2,177,071$         

CZ10 L03 9.6        475,414         41,360         72,942         68,412             657,945   $        2,030,096  167,262.50$           2,197,358$         

CZ10 L04 10.7        482,036         45,187         72,942         65,334             665,391   $        2,056,501  152,962.50$           2,209,464$         

CZ10 M01 4.6        449,899         33,031         72,944         78,511             634,262   $        1,940,940  250,425.00$           2,191,365$         

CZ10 M02 6.8        460,491         31,626         72,875         68,514             633,385   $        1,949,601  208,375.00$           2,157,976$         

CZ10 M03 9.6        472,894         36,693         72,942         65,334             647,758   $        2,000,203  170,837.50$           2,171,040$         

CZ10 M04 11.3        479,907         36,139         72,942         68,412             657,128   $        2,030,142  156,625.00$           2,186,767$         

CZ12 H01 4.3        274,646         18,377         32,318         50,653             375,837   $        1,417,565  262,000.00$           1,679,565$         

CZ12 H02 5.8        278,910         17,919         32,464         46,259             375,326   $        1,425,026  231,612.50$           1,656,639$         

CZ12 H03 9.0        287,833         19,271         32,817         39,602             379,268   $        1,451,953  179,862.50$           1,631,815$         

CZ12 H04 10.8        290,455         19,390         33,119         37,402             380,160   $        1,459,439  156,752.50$           1,616,191$         

CZ12 L01 4.0        276,928         26,748         32,310         46,685             382,516   $        1,440,014  250,537.50$           1,690,552$         

CZ12 L02 5.5        280,564         25,234         32,284         40,605             378,604   $        1,436,805  221,825.00$           1,658,630$         

CZ12 L03 9.1        292,064         25,032         33,016         39,262             389,258   $        1,490,150  167,262.50$           1,657,412$         

CZ12 L04 10.2        296,584         26,517         33,172         37,321             393,449   $        1,509,746  152,962.50$           1,662,709$         

CZ12 M01 4.2        275,896         23,123         32,339         46,589             377,846   $        1,425,876  250,425.00$           1,676,301$         

CZ12 M02 6.4        281,836         21,440         32,483         40,231             375,833   $        1,431,035  208,375.00$           1,639,410$         

CZ12 M03 9.1        290,663         22,058         32,879         37,774             383,170   $        1,467,874  170,837.50$           1,638,712$         

CZ12 M04 10.8        295,402         20,814         33,298         38,837             388,155   $        1,490,542  156,625.00$           1,647,167$         

CZ13 H01 4.3        348,205         22,801         58,995         71,107             501,038   $        1,606,974  262,000.00$           1,868,974$         

CZ13 H02 5.8        354,755         22,932         58,995         66,058             502,509   $        1,617,588  231,612.50$           1,849,200$         

CZ13 H03 9.0        367,985         25,399         58,994         57,584             509,724   $        1,649,429  179,862.50$           1,829,292$         

CZ13 H04 10.8        372,211         25,654         58,994         54,994             511,668   $        1,660,321  156,752.50$           1,817,074$         

CZ13 L01 4.0        351,057         32,590         58,990         66,077             508,612   $        1,629,990  250,537.50$           1,880,528$         

CZ13 L02 5.5        357,882         30,718         58,990         57,618             505,046   $        1,627,273  221,825.00$           1,849,098$         

CZ13 L03 9.1        372,860         33,664         58,994         57,584             522,968   $        1,692,756  167,262.50$           1,860,019$         

CZ13 L04 10.2        379,015         36,287         58,994         54,994             529,187   $        1,715,050  152,962.50$           1,868,013$         

CZ13 M01 4.2        351,067         27,328         58,995         66,058             503,348   $        1,615,291  250,425.00$           1,865,716$         

CZ13 M02 6.4        359,969         26,093         58,990         57,601             502,538   $        1,622,742  208,375.00$           1,831,117$         

CZ13 M03 9.1        371,458         29,385         58,994         54,994             514,686   $        1,666,883  170,837.50$           1,837,720$         

CZ13 M04 10.8        376,365         30,074         58,994         57,584             522,704   $        1,694,299  156,625.00$           1,850,924$         
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 EXCEPTION 2 to Section 144(h)4:  Cooling towers that meet the energy efficiency 
requirement for propeller fan towers in Section 112, Table 112-G. Efficiency. Open cooling 
towers shall have a minimum efficiency of 80 gpm/hp when rated at the test conditions and 
procedures in Table 112-G 

5 Approach.  Open cooling towers serving 24/7 facilities shall be selected for a maximum 
approach of 5F at design conditions. 

4.2 ACM 
Towers in the budget design shall use the minimum efficiency and approach from 144(h). 

4.3 Reference appendices 
None. 
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6 Appendices 

6.1 Comments from TC 8.6 
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